Rationale Drug users often report using drugs to enhance social situations, and empirical studies support the idea that drugs increase both social behavior and the value of social interactions. One way that drugs may affect social behavior is by altering social processing, for example by decreasing perceptions of negative emotion in others. Objectives We examined effects of d-amphetamine on processing of emotional facial expressions and on the social behavior of talking. We predicted amphetamine would enhance attention, identification, and responsivity to positive expressions, and that this in turn would predict increased talkativeness. Methods Over three sessions, 36 healthy normal adults received placebo, 10, and 20 mg d-amphetamine under counterbalanced double-blind conditions. At each session, we measured processing of happy, fearful, sad, and angry expressions using an attentional visual probe task, a dynamic emotion identification task, and measures of facial muscle activity. We also measured talking.
Introduction
Drugs are commonly used in social settings, especially in early stages of use. Indeed, drug users report they often use drugs in order to enhance social situations (Boys et al. 2001) . Laboratory studies also suggest drugs increase social behavior and the value of social interaction. For example, amphetamine and alcohol increase preference for social rewards over monetary rewards and increase the social behavior of talking (Griffiths et al. 1975; Higgins et al. 1989) . Changes in the processing of social cues may partially underlie drug-produced increases in social behavior and the value of social interaction. For example, alcohol facilitates perception of positive emotional expressions in others (Kano et al. 2003) and blunts perception of negative emotions (Attwood et al. 2009 ). Either of these effects might increase social behaviors like talking, enhance rewarding aspects of social interaction, and thus increase desire to use the drug again in a social situation.
Facial expressions of emotion are particularly potent and relevant social cues, and drugs appear able to alter several aspects of emotional expression processing. As we describe below, drugs may change attention to emotional expressions, they may change the ability to identify emotional expressions, or they may change the way an individual responds to emotional stimuli; each of which might in turn alter social behavior and the value of social interactions.
Both abused and non-abused drugs change attention to emotional expressions in visual probe tasks. The visual probe task is an established reaction time task used to quantify biases in selective attention (i.e., the differential allocation of attentional resources across competing stimuli) and has been extensively used to examine biases in orienting to emotional relative to neutral facial expressions in healthy and clinical populations (see Bar-Haim et al. 2007 for review) . Combining the visual probe task with concurrent eyetracking provides additional measures of attention including initial orienting (e.g., direction of first eye movement) and maintenance of attention (e.g., durations of fixations/dwell time). The antidepressant citalopram and the anxiolytic diazepam both decrease attentional bias to negative expressions in this task, consistent with their therapeutic effects (Murphy et al. 2008; Murphy et al. 2009 ). Further, in social phobics, alcohol reduces attention to anxious faces in the visual probe task (although not in non-phobic controls; Stevens et al. 2009 ).
Several drugs also alter the ability to identify emotional expressions in others. For example, alcohol impairs identification of sadness and improves identification of happiness (Attwood et al. 2009; Kano et al. 2003) . The "designer" stimulant ±3,4-methylenedioxy-methamphetamine (MDMA, ecstasy) which produces feelings of empathy and closeness with others impairs identification of fear (Bedi et al. 2010) . In a recent study, MDMA also improved "mind reading" of positive emotions based on pictures of the eye region of the face (Hysek et al. 2012) .
Finally, drugs may alter affective responses to emotional expressions, as assessed by subtle facial muscle activity indicative of emotional state. Typically, viewing negative emotional stimuli (including negative faces) increases electromyographic (EMG) measures of activity in the corrugator (frown) muscle, whereas viewing positive stimuli (including positive faces) decreases corrugator activity and increases zygomatic (smile) muscle activity (Dimberg and Karlsson 1997; Dimberg et al. 2000; Larsen et al. 2003; Moody et al. 2007) . In the same sample of participants used here, we found that d-amphetamine enhances positive facial EMG responses to emotionally positive pictures (Wardle and de Wit 2012) . We will now examine a measure of reactivity to facial emotions, to determine whether amphetamine similarly alters EMG responses to emotional facial expressions. Facial muscle activity in response to viewing facial expressions in others is involved in empathy, strategic interaction, and emotional contagion (Barger and Grandey 2006; McIntosh et al. 2006; Oberman et al. 2007; Sonnby-Borgström 2002) . Thus, findings that drugs can produce alterations in facial responsivity to emotional expressions would have important implications for social experience and behavior. In summary, abused drugs may alter attention to, identification of, and facial responses to emotional expressions in ways that could impact social behavior and the value of social interactions.
Stimulants such as cocaine and amphetamine increase the value of social rewards in humans and nonhumans (Higgins et al. 1989; Thiel et al. 2008 ) and increase social behaviors (e.g., talkativeness) in humans (Griffiths et al. 1977; Marrone et al. 2010) . However, it is unknown whether the "pro-social" effects of stimulants include changes in social processing like those described above. Thus, the purpose of the current study was to examine the effect of a prototypical stimulant, d-amphetamine, on processing of facial emotion expressions and to determine whether the effects of d-amphetamine on social processing related to the increase in talkativeness typically produced by d-amphetamine. We had three primary predictions about facial expression processing: first, we predicted that d-amphetamine would increase attentional bias to positive faces. Induction of positive mood by non-pharmacological means biases attention towards positive stimuli (Tamir and Robinson 2007) , suggesting euphoric drugs like amphetamine might also produce positive biases. Second, we predicted that d-amphetamine would improve participants' ability to identify dynamically developing positive emotional expressions. Third, we predicted that d-amphetamine would enhance EMG activity in response to dynamically presented positive emotional expressions, just as it enhanced responses to generally positive pictures in this same sample. Finally, we examined whether the effects of amphetamine on emotional face processing were related to its effect on talkativeness. We hypothesized that d-amphetamine would alter emotional expression processing, and that this would be related to its effects on talkativeness, independent of the drug's effects on positive mood, arousal, and blood pressure.
Methods

Study design
The within-subject design consisted of three sessions, separated by at least 72 h, at which participants received capsules containing placebo, 10, or 20 mg of d-amphetamine (Mallinckrodt, St. Louis, MO) in counterbalanced order under double-blind conditions. At each session, they completed visual probe, dynamic emotional identification, and talking tasks. The participants also completed measures of affective responses to generally emotional pictures, but these results are reported elsewhere (Wardle and de Wit 2012) .
Participants
Healthy participants (20 female, 16 male) ages 18-35 were recruited through flyers and online advertisements. Screening included a physical examination, electrocardiogram, modified structured clinical interview for DSM-IV (SCID; First et al. 1996) , and self-reported health and drug use. Inclusion criteria were: body mass index of 18 to 35; no medical conditions/contraindications; not pregnant, nursing, or trying to become pregnant; no past year DSM-IV Axis I disorders or lifetime history of drug dependence; mania or psychosis; some previous recreational drug use; no previous adverse amphetamine reactions; smoking <10 cigarettes per week; and high school education level. Participants were primarily Caucasian (n026, 72 %), in their twenties (M0 24.3 years, SD 04.5) with some college education (M0 15.4 years, SD01.5) and light to moderate recreational drug use (see Table 1 ).
Participants were instructed to refrain from recreational and over-the-counter drugs for 24 h before the sessions, with compliance verified using breath alcohol (Alcosensor III, Intoximeters Inc., St. Louis, MO) and urine tests (ToxCup, Branan Medical Corporation, Irvine, CA). Participants were asked to maintain normal caffeine and nicotine intake for 24 h before the sessions and fast for 9 h prior to sessions. Female participants provided urine samples for pregnancy tests before each session. Women not on hormonal birth control were scheduled only during the follicular phase (White et al. 2002) . Participants were informed that they might receive a stimulant, tranquilizer, marijuana-like drug, or placebo. All participants provided informed consent. All procedures were approved by the University of Chicago Institutional Review Board.
Procedure
Participants attended an orientation during which they were familiarized with tasks and psychophysiological equipment and completed baseline anxiety and depression measures. They then completed three 4-h individual study sessions separated by at least 72 h. For each study session, the participants arrived at 9:00 am. They provided breath and urine samples for recent drug use and pregnancy (women), consumed a standard snack, and completed baseline measures of typical subjective and cardiovascular drug effects. At 9:30 am, they took two opaque size 00 gelatin capsules containing 10 or 20 mg of d-amphetamine with dextrose filler or placebo (dextrose only). From 9:30 am to 11:00 am, the participants relaxed (watching a movie from a selection available or reading).
Measures of subjective and cardiovascular effects were obtained at 10:00 and 11:00 am. Then psychophysiological sensors were attached, and the participants completed the visual probe task, dynamic emotional identification task, and an emotional responsivity task using the international affective picture set (IAPS; Lang et al. 1999) , in counterbalanced order. The results of the IAPS task are reported elsewhere, as this task did not directly address the topic of this report, i.e., processing of emotional expressions (Wardle and de Wit 2012) . After the tasks (approximately 12:30 pm), the sensors were removed and subjective and cardiovascular drug effects reassessed. Participants then completed the talking task and returned to relaxing. Subjective and cardiovascular effects were assessed for the last time at 1 pm. At 1:30 pm, the participants completed an end of session questionnaire and left the laboratory.
Measures
Visual probe task Visual probe task (VPT) stimuli were color pictures from the Karolinska Directed Emotional Faces Set (Goeleven et al. 2008) . Anger, fear, happiness, and sadness were each posed by eight female and eight male actors. Each actor posed only one emotion. Each trial consisted of a 1,000-ms fixation cross, then a neutral and an emotional face posed by the same actor, one to the right and one to the left of the screen, for 2,000 ms. Images measured 520×760 mm with the inner edges 173 mm apart and were viewed at a distance of approximately 65 cm. Both faces then disappeared and were replaced by gray rectangles of the same size; one of which contained an 80×80-mm white visual probe that the participant classified as quickly as possible (as circle or square) by pressing a key on the keyboard. After a response, or 10 s with no response, an inter-trial interval of 750 to 1,250 ms began. Within each pair-type, probe shape, probe location, and emotional face location were counterbalanced. The 64 trials were presented in random order. The primary VPT outcome was attentional bias to emotional faces, quantified in two ways: 1. Initial attentional bias is the direction of the first gaze when the faces appeared 2. Total attentional bias is the total gaze time at the emotional picture minus total gaze time at the neutral picture. Reaction time is not a valid indicator of attentional bias at this length of stimulus presentation, as multiple eye movements could occur prior to the onset of the visual probe. Therefore RT data were not analyzed. Gaze was quantified using electrooculography (EOG), with a 4-mm Ag/AgCl electrode filled with electrolyte gel attached 1.5 cm from the outer canthus of each eye, and an 8-mm gel-filled Ag/ AgCl ground sensor on the forehead. Sites were cleaned with alcohol and exfoliant, and any with impedance above 20 k Ω (Model 1089 MK III Checktrode; UFI, Morro Bay, CA, USA) were reapplied. EOG was amplified, digitized, and sampled at 1,000 Hz using an EOG100C amplifier, Biopac MP150 system and AcqKnowledge software (Biopac, Goleta, CA USA). Trained raters discarded trials in which: 1. Gaze was not centrally fixated prior to the trial 2. Initial fixation was <100 ms after picture onset (reflecting anticipatory eye movements) 3. Noise obscured eye movements. Three percent of trials were noise contaminated or not centrally fixated, while 10 % showed no valid gazes.
Dynamic emotional identification task
The dynamic emotional identification task (DEIT) was generated from a database of actors performing facial expressions in front of a Dalsa DS-25-02M30 color camera (Benton et al. 2007 ). These images have previously been used in static format to examine effects of alcohol on emotion identification (Attwood et al. 2009 ). Five female and five male actors performed angry, fearful, sad, and happy expressions, for a total of 40 sequences. Each sequence consists of 2 s of video from neutral to full emotional expression captured at 25 Hz, creating 50 "frames" from 0-100 % emotional intensity at 2 % steps that follow the actual expression time course, rather than assuming that all elements appear at the same gradual and simultaneous rate (as do morphs between 0 and 100 % images). Sequences were presented in random order, and each frame was presented for an average of 250 ms, within a random range of 100-400 ms, giving the impression of a color video of an emotional expression developing. Participants were instructed to "press the space bar as soon as you know what expression is being displayed." This ended the sequence and presented multiple-choices of "angry," "fearful," "sad," and "happy." Dynamically developing emotional faces are more ecologically valid and more strongly activate brain areas associated with emotion perception than static pictures (LaBar et al. 2003; Platt et al. 2010; Walter et al. 2011 ). Thus dynamic presentations may allow detection of more subtle drug effects.
Emotion identification was quantified as the intensity (0-100 %) of the face when the participant pressed the space bar (for correctly identified sequences). Accuracy was very high (94 %) and not sufficiently variable for analysis. Facial responses were quantified as mean electromyographic activity (EMG) in the corrugator and zygomatic for the final 1 s of face presentation (during correctly identified sequences), minus mean EMG for a 1-s pre-picture baseline. EMG was measured over left brow and cheek with 4 mm Ag/AgCl electrodes and the same site preparation and ground as EOG. EMG signals were amplified, 10-500 Hz band pass filtered, digitized at 1,000 Hz, 60 Hz band stop filtered, rectified, and integrated over 20 ms using EMG100C amplifiers, an MP150 Data Acquisition System and Acqknowledge software from Biopac Systems Inc. (Goleta, CA USA). Trained raters excluded trials with excessive baseline activity or artifactual activations. The top and bottom 1 % of responses were trimmed to remove outliers, and EMG was square root transformed, to correct typical positive skew.
Talking task
The talking task was a 5-min modification (Wardle et al. 2011 ) of the interpersonal perception task previously used by Janowsky (2003) to study psychoactive drugs. At orientation, the participants nominated three "important people in your life." At each session, one person was selected (in counterbalanced order), and the participant talked with the research assistant about this individual for 5 min. Research assistants were trained in reflective listening. Speech samples were transcribed, then scored using the Linguistic Inquiry and Word Count software, a standardized and validated dictionary (Pennebaker et al. 2007) , to produce total word count.
Covariates
Depression and anxiety Because clinical anxiety and depression can affect attentional bias, we collected the trait scale of the State-Trait Anxiety Inventory (STAI; Spielberger et al. 1983 ) and the Beck Depression Inventory (BDI-II; Beck et al. 1988 ) for use as covariates in attentional analyses. These are widely used and well-validated measures.
Subjective and cardiovascular drug effects We also measured typical mood and cardiovascular effects of amphetamine, to help rule out the possibility that drug effects on social processing and talking were related simply due to differences in overall sensitivity to the drug. The profile of mood states (POMS; Johanson and Uhlenhuth 1980) measured typical effects on subjective mood. It is a 72-adjective list rated on five-point Likert scales from 0 ("not at all") to 4 ("extremely"), with eight subscales. For this study, we used the elation and arousal subscales, which are sensitive to amphetamine (Gabbay 2003) . Elation measures positive mood, whereas arousal measures general emotional activation. We also measured blood pressure using portable monitors (Life Source, A&D Company, Tokyo, Japan), with mean arterial pressure (MAP; (Systolic BP + 2 × diastolic BP)/3) as our measure of cardiovascular effects. Results reported elsewhere (Wardle and de Wit 2012) indicate that typical, dose-dependent effects of increased elation, arousal, and blood pressure were present before and after the tasks analyzed in this paper. To summarize the effects of amphetamine on subjective mood and MAP for each session, we calculated relative area under the curve scores for elation, arousal, and MAP by subtracting baseline scores from all subsequent scores in the same session and calculating the area under those difference scores.
Statistical analyses
We conducted one linear mixed-effect (LME) model using lme4 (v 0.999375-42; Bates et al. 2011) in the R statistical computing environment (v. 2.14.0; R Development Core Team 2011) for each face processing variable, as follows:
(1) direction of initial gaze on each dot-probe trial, modeled using a logit link function; (2) total emotional gaze bias on each dot-probe trial; (3) intensity of the face at the time of correct identifications in the DEIT; (4) Corrugator responsivity to DEIT emotional expressions; and (5) zygomatic responsivity to DEIT emotional expressions. Linear mixedeffects models offer significant advantages relative to traditional repeated-measures ANOVA in power and handling of missing data (participants with missing trials do not need to be excluded), easy generalization to binary outcomes, and relaxation of assumptions of normality and homogeneity of variance (Raudenbush and Bryk 2002) .
All face processing models used dose, emotion displayed, and stimulus sex as independent (fixed) factors. (The addition of participant sex to these models did not alter any results and is omitted from reporting.) Dose effects were examined using polynomial contrasts, with significant linear effects followed up by treatment contrasts comparing each dose to placebo. Emotion effects were examined using Helmert contrasts: (1) happy vs. all negative emotions; (2) fear vs. other negative emotions (anger and sadness); and (3) anger vs. sadness. The first captures our primary hypothesis, while subsequent contrasts distinguish specific negative emotions. Stimulus and participant sex were included because drug effects on face processing may depend on these factors (Attwood et al. 2009 ). Attentional analyses additionally included STAI and BDI totals, but these did not alter results and are omitted. EMG analyses additionally included grand-mean-centered intensity at display termination as a predictor because display face intensity might influence response intensity, and as the participant chose when to terminate the sequence, display face intensity might be systematically affected by drug or other factors. All models included random effects for participant and dose within participant to allow individual differences in overall level of the dependent variable and responses to the drug. DEIT analyses also included a random effect for actor (Baayen et al. 2008) , to allow for the possibility that some actors were better at posing (potentially important given the smaller number of actors in this task). Effect sizes are reported as unstandardized coefficients (B) with standard errors (SE).
1
We examined the effect of amphetamine on total word count in a separate LME model using dose as an independent (fixed) effect and random effects for participant and dose within participant. (The addition of participant sex did not alter any results and is omitted from reporting.) We then examined the relationship between talkativeness and face processing as follows: For each significant amphetamine effect on face processing, we conducted individual linear regressions on each participant's data using dose, emotion displayed, and stimulus sex as independent variables, and the face processing variable as the dependent variable. The 1 p values were calculated using the t distribution with degrees of freedom (df)0n−1, except the binomial eye-gaze data, which uses a z distribution. Df in mixed models are somewhat controversial (Baayen et al. 2008) , with a proposed upper bound of the number of trials (over 3,000 in our datasets) minus the number of fixed effects. Our selected df was considerably more conservative; however, p values must be considered estimates.
non-standardized estimate of the linear dose effect from each regression represents a per-participant estimate of the strength of the amphetamine effect on that face processing variable. We then produced per-participant estimates of the strength of the amphetamine effect on word count, POMS elation, POMS arousal, and MAP using the same procedure. We first entered per-participant effects of amphetamine on face processing, POMS elation, POMS arousal, and MAP separately in linear regressions to see whether any of these predicted amphetamine's effect on talkativeness. Then we entered the per-participant effects on face processing, mood, and blood pressure simultaneously into a linear regression predicting per-subject effects on word count, to examine if any uniquely predicted amphetamine's effect on talkativeness, after shared variance due to general amphetamine sensitivity was removed.
One participant had missing gaze data for all sessions, and eight others for a single session or part of a single session due to equipment failure. Thus n035 participants with complete or partially complete data were included in attentional analyses. One participant was excluded from all DEIT analyses for unusually poor accuracy (>3 S.D. from the mean), and a second for waiting until the end of all videos (100 % intensity) to identify the faces. Zygomatic EMG data for one participant for one session were missing due to improperly attached sensors. Thus n034 participants with complete or partially complete data were included in identification of emotion and response to emotion analyses.
Results
Attentional bias to emotional expressions (VPT)
Amphetamine did not affect either initial attentional bias (direction of the first gaze) or total attentional bias (total Fig. 1 Drug effects on intensity of expression needed for identification of emotion, shown as estimated marginal means from LME model, ±SE of linear drug effect (n034). Amphetamine (20 mg) decreased the intensity of expression needed to identify emotions. *p<0.05 follow-up treatment effect between 20 mg and placebo gaze times) and did not interact with emotion displayed, stimulus sex, or participant sex. Independent of drug condition, the participants showed greater bias in total gaze time for fearful faces compared to other negative faces; B043.37, SE020.19, t(34)02.15, p00.03.
Identification of emotional expressions (DEIT)
Amphetamine (20 mg) slightly but significantly lowered the intensity required to identify emotional faces (emotions were identified approximately one frame sooner, see Table 2 drug contrast and Fig. 1 ). Although emotions differed in the intensity needed for identification, the drug did not affect identification of any one emotion more than the others. Negative emotions were identified at lower intensity than happiness, while fear was identified at higher intensity than anger and sadness, and anger was identified at lower intensity than sadness (see Table 2 emotion contrasts). Further, most emotions were identified at slightly lower intensity in female than male faces, except anger, which was identified at slightly lower intensity in male than female faces (see Table 2 emotion × stimulus sex contrasts).
Responses to emotional expressions (DEIT)
Viewing emotional faces affected activity in the corrugator muscle, as expected. Happy faces reduced corrugator activity while negative faces increased it, and fear faces produced less corrugator activity than other negative emotions (see Table 3 emotion contrasts). Further, intensity of display face related to corrugator activity, supporting inclusion of intensity as a predictor. Specifically, the corrugator activity decreased as the intensity of happy faces increased but increased as the intensity of negative faces increased (see Table 3 emotion × intensity contrasts). In contrast to our predictions, amphetamine did not reduce corrugator responses to happy faces (which would indicate more positive reactions). Rather, amphetamine increased the amount of corrugator activity produced in relation to the intensity of specific negative emotion expressions (see Table 3 drug × emotion × intensity contrasts). Post hoc testing suggested that amphetamine specifically increased responsivity of the corrugator muscle to the degree of sadness displayed in the stimuli-in other words, under amphetamine conditions the corrugator muscle responded much more as the sadness of faces increased, while under placebo corrugator responses were similar regardless of degree of sadness shown in the display face; B00.007, SE00.002, t(33)0 3.00, p00.002, see Fig. 2 . Viewing emotional faces also affected activity in the zygomatic muscle, with greater activity during happy as compared to negative faces (see Table 4 emotion contrasts). Intensity of the display face was related to zygomatic activity, such that zygomatic activity increased as intensity of happy faces increased but not as intensity of negative faces increased (see Table 4 emotion × intensity contrasts). However, in contrast to our predictions, there were no significant effects of amphetamine on zygomatic activity in response to the faces.
Talking task
Amphetamine slightly but significantly increased talkativeness; B035.47, SE017.50, t(35)02.03, p00.05, see Fig. 3 . To determine if effects of amphetamine on face processing (lowered intensity needed to identify all emotions and increased corrugator responsiveness to sad faces) were related to the effect of the drug on talkativeness, we used perparticipant estimates of the effect of amphetamine on face processing, mood, and blood pressure as independent variables in regressions predicting the per-participant effects of amphetamine on talkativeness (per-participants estimates were derived as described in the analysis section). Independent variables were entered both individually and simultaneously, to examine: 1. to what extent each variable predicted amphetamine's effect on talkativeness and 2. to what extent each variable uniquely predicted amphetamine's effect on talkativeness after controlling for general amphetamine sensitivity. As shown in Table 5 , identifying emotions at a lower intensity and greater elation and arousal on amphetamine all predicted greater talkativeness on amphetamine when entered individually. Further, identifying emotions at a lower intensity uniquely predicted greater talkativeness on amphetamine, even when other amphetamine effects were entered simultaneously. In contrast, elation and arousal no longer predicted talking, suggesting these measures did not have unique explanatory power for talkativeness when the other variables in the regression were controlled for.
Discussion
Amphetamine altered certain aspects of emotional processing in ways that were related to the social behavior of talking. Contrary to our predictions, amphetamine did not alter attention, identification, or reactivity specifically to happy faces. Indeed, it increased corrugator responses to sad faces, indicating more responsiveness to negative emotions, rather than positive emotions. Nevertheless, the drug lowered the intensity needed to identify emotional expressions in general. The discrepancy between the emotion-specific effects on responsivity and the non-emotion-specific effects on identification may indicate that these behavioral measures are mediated by different processes. That is, identifying an emotion in a target stimulus may be distinct from the process of generating an emotional response to the depicted Fig. 2 Drug effects on corrugator activation to sad facial expressions, shown as partial effects from LME model (n034). Amphetamine (10 and 20 mg) increased activity in the corrugator muscle relative to the intensity of the facial expression displayed emotion. Importantly, the amphetamine-produced improvement in detection of all emotional expressions was related to amphetamine-induced increases in talkativeness. That is, the extent to which amphetamine decreased the threshold of detection for all emotions predicted its ability to increase talking. This effect was apparent above and beyond the relationship between talkativeness and other typical amphetamine effects like increased positive mood and arousal. In contrast, amphetamine's effects on facial responsiveness to sadness did not seem to contribute to its effects on talkativeness.
These findings suggest that stimulants may increase sensitivity to subtle cues of emotion in others, and that this may contribute to drug-induced increases in social behavior, in this case, the social behavior of talking. Although we found that amphetamine increased sensitivity to emotional cues regardless of their valence, it could be argued that most of the cues present during recreational drug use are positive. In this way, increased detection of subtle emotional cues may encourage social interaction by enhancing responses to cues in the environment. In our study, research assistants were instructed to smile and be pleasant to participants during the talking task, creating presumably positive social cues. In pleasant, social drug-taking environments, increased detection of positive social cues may increase talkativeness, increase the value of the social interactions, and, indirectly, increase desire to take the drug again. The converse prediction is that if amphetamine is used in a setting where negative emotions are present, this process may contribute to amphetamine-induced paranoia (Dawe et al. 2009 ). Even though amphetamine also appeared to increase responsivity to sad faces, this effect did not appear to contribute to talkativeness, perhaps because the talking measure was obtained in the context of primarily positive social stimuli. This explanation fits with the value that many drug users put on "setting the scene" for a good drug experience, which includes using the drug only around individuals they like and trust (Quintero 2009 ). Interestingly, the stimulant and euphoric effects of amphetamine do not seem to be highly dependent on either context or presence of others (de Wit et al. 1997; Zacny et al. 1992) . Further, in this study, there was not a close correlation between stimulant/euphoric and social processing effects of the drug, suggesting some dissociation. However, future research systematically varying the positivity of the environment during use will be required to establish the importance of the environment to the social (vs. euphoric) effects of the drug. The extent to which variations in social processing contribute to desire to take the drug again is also unknown. Although drug users report that they use drugs in part to enhance social situations, it remains to be determined to what extent drug effects on social perception and contribute to use or abuse of the drug. Our findings that amphetamine altered emotional perception and that this predicted talkativeness support the idea that drug-induced alterations in social perception may influence social behavior. Thus, the ability of amphetamine to enhance social situations may independently contribute to its rewarding effects and make the drug more attractive to users. It has been reported that individuals with substance abuse disorders have deficits in emotion processing (Kornreich et al. 2003) . Although these deficits are typically attributed to the chronic exposures to drugs, it is also possible that drug users had preexisting deficits in emotion processing that they attempted to ameliorate with the use of drugs. If this is the case, emotion processing deficits may represent a vulnerability factor for drug dependence.
Amphetamine also altered face processing in ways that differ from other drugs of abuse, suggesting drug-specific mechanisms. In the current study, amphetamine improved the detection of emotions regardless of the type of emotion. In contrast, as noted in the introduction, alcohol both impairs identification of sadness (Attwood et al. 2009 ) and improves identification of happiness (Kano et al. 2003; Walter et al. 2011) , whereas MDMA, which is pharmacologically quite similar to amphetamine, impairs identification of fear and improves identification of positive emotions (Bedi et al. 2010; Hysek et al. 2012) . Taken together these suggest that the effects of drugs on processing of social cues are fairly drug unique, such that even two stimulant drugs such as MDMA and amphetamine have different effects. One future direction is to examine whether these unique social drug effects contribute to the selection of one drug vs. another as a "drug of choice." In this same sample, we also tested the effects of amphetamine on emotional reactivity to positive and negative images that were not necessarily social in nature (IAPS pictures) and found that the drug enhanced responses to these positive stimuli (Wardle and de Wit 2012) . On the surface, the present finding that amphetamine did not specifically enhance responses to positive facial expressions seems inconsistent with the enhanced reactivity to generally positive pictures. There are several possible explanations for these differences. First, the IAPS task did not measure responses only to faces but rather positive pictures in general, which included positive nonsocial scenes containing no people at all (e.g., pictures of food and cute animals). There is evidence that neural processing of facial expressions is distinct from processing of other stimuli (Bruce and Humphreys 1994) ; thus, one possibility is that amphetamine may affect these various processes differently. A second possibility has to do with differences in the display and measurement in the two tasks. In the DEIT, the faces were presented dynamically, and the presentations ended when the participant identified the emotion. In contrast, in the IAPS task, participants had 6 s to look at and process static pictures. It is possible that more time is needed for amphetamine to "amplify" responses to external positive stimuli and thus the IAPS measure may have been more sensitive to that effect. Third, differences in the attentional demand of the two tasks may have influenced the results. The DEIT is attentionally demanding, whereas in the IAPS task, the participants were simply instructed to "look at the picture and think about how it makes you feel." It is possible that the high attentional demands of the DEIT highlighted the cognitive effects of the drug more than its emotional effects.
There are several limitations of the current study, including a relatively small participant sample with light drug use. The findings might not apply in heavier users either because of preexisting characteristics or neural adaptations taking place over the course of dependence. Further, as noted above, we did not systematically vary the drug-taking environment, and thus the contribution of a positive environment to these effects is speculative.
The findings of this study emphasize the importance of studying social effects when assessing the rewarding properties of a drug. We found that amphetamine enhanced sensitivity to emotional expressions, regardless of the valence of the emotional expression, and that this effect contributed to increased talkativeness. This mechanism could increase the reward value of the drug when the drug-taking context is rich in positive emotional cues (e.g., friends, other drugs, laughter, and sex). Conversely, this mechanism could also contribute to unpleasant drug effects in negative social environments. Thus, the interaction between the pharmacological effect and the social environment may drive use and abuse in ways that would be missed in a neutral laboratory setting. As drugs are typically used in social settings, it is important to study the potentially synergistic effects between drugs and positive or negative social environments.
